The pentaquark state of Θ + (uudds) has been observed to decay with two decay modes: Θ + → nK + and Θ + → pK 0 . The decay probability ratio of the two decay modes is studied with general symmetry consideration of isospin, spin, and parity.
permit the existence of pentaquark states [2] , though the mixing with conventional baryon states may cause identification of such multiquark states elusive.
The pentaquark states with the antiquark q being a heavy quark are suggested to exist [3] . Earlier experimental attempts are focused on searching for such pentaquark states containing at least one heavy flavor quark (antiquark), but without convincing evidence found so far [5] . It is noticed thatis unambiguously a minimal pentaquark state if the flavor of q is different from any of the other four quarks [4] . The possible existence of the minimal pentaquark states with the antiquark being an anti-strange quark s, such as Θ + (uudds) and Θ ++ (uuuds), are discussed in Ref. [4] , with suggestion for experimental searches also provided.
From another point of view, baryons can be viewed as solitons in an effective meson theory [6] as well as in the large N c -limit of QCD [7] . Thus baryons can be also classified by soliton configurations in chiral field theories, as an alternative scheme compared to the standard quark model classification. In the SU(3) version of these models, the anti-decuplet {10} baryon multiplet is the lowest multiplet above the minimal octet {8} and decuplet {10} baryons [8] .
It is found [9, 10, 11] that there exists a baryon state with strangeness S = +1, which can be identified with the pentaquark Θ + (uudds) configure, in this {10} multiplet. By treating the experimentally observed N(1710) resonance as a member of this multiplet, Diakonov, Petrov, and Polyakov predicted [10] the Θ + baryon state to have a mass of about 1530 MeV and a width of about 15 MeV. This baryon state is nothing exotic compared to other baryons in the soliton classification scheme, except that it has a strangeness number S = +1 and has also a surprising narrow width.
The recent observations of an exotic narrow baryon state with S = +1 by LEPS [12] , DIANA [13] , CLAS [14] , and HERMES [15] Collaborations, provide evidence for the existence of the pentaquark state Θ + (uudds). The detection of the Θ + state in LEPS and CLAS experiments is through the subprocess γn → K − (K + n), where only K − and K + are detected with the Θ + state constructed from the missing mass of the K + n system, in a same principle to the γ * n → K − Θ + process suggested in Ref. [4] . In DIANA and HERMES experiments, the Θ + state is detected through the decay mode Θ + → K 0 p, where the K 0 meson is constructed by the decay K 0 s → π + π − . All of the experiments have observed a sharp peak in the K + n missing mass spectrum or in the K 0 s p invariant mass spectrum, with a mass around 1540 MeV and a narrow width around 9 → 25 MeV, in agreement with the Θ + state predicted by the chiral quark soliton model [10] . Therefore two decay modes: Θ + → nK + and Θ + → pK 0 , have been observed for the Θ + state.
The properties of the observed Θ + state, such as its spin, isospin, and parity, are still not established yet. The chiral quark soliton model predicts this Θ + state of having spin 1/2, isospin 0, and parity + of the anti-decuplet [10] .
However, with a mass of 100 MeV above threshold, this pentaquark state should be expected to have a decay width of the order of 500 MeV unless its decays are suppressed by phase space, symmetry, or special dynamics [16] . It is suggested by Capstick, Page, and Roberts [16] , that the narrow width of the observed Θ + state can be understood if the isospin of this state is hypothesized to be 2, i.e., an isotensor resonance. For this isospin, the decays of Θ + → nK + and Θ + → pK 0 via isospin violating hadronic processes are suppressed by symmetry. This letter intends to study the probability ratio of the two decay modes, and to show that this ratio can provide useful information on the isospin configuration of the observed Θ + state.
Our analysis is based on general symmetry consideration of isospin (I, I z ), spin J, and parity P . The corresponding quantum numbers of quarks are 
The pentaquark Θ + (uudds) state should have isospin I = 0, 1 or 2 with I z = 0, therefore we can obtain the general isospin configuration of this state
where a = √ 1 − α 2 − β 2 . The proton p state should have isospin I = 1/2 with I z = 1/2, and the neutron n state should have isospin I = 1/2 with I z = −1/2.
If the nucleon state contains a small isospin impurities, we have
, and γ is a very small quantity refelcting isospin violating [17, 18] . The kaon K + state should have isospin I = 1/2 with I z = 1/2, and the kaon K 0 state should have isospin I = 1/2 with I z = −1/2. Thus we have
The nK + final state can be written as
and the pK 0 state can be written as
Isospin is conserved in hadronic decays via strong interaction, thus the Θ + state can not decay into nK + and pK 0 final states if Θ + is a pure I = 2
isotensor state. Assuming that α and β are of the same size as the mixing coefficient of 0.015 estimated from the physical Λ and Σ 0 mixing [19] , a narrow width of the Θ + state can be understood [16] . We will show in the following that the difference between α and β can introduce difference between the decay probabilities of the two decay modes for the Θ + state. (5) in which the αγ term is ignored. On the other hand, we have the Clebsch-Gorden coefficients for the isospin summation
This means that
The first two terms correspond to the nK + state, and the last two terms correspond to the pK 0 state. The probability ratio of the two decay modes can be expressed as
As we mentioned before, γ is very small and can be ignored, we thus get
We still have not taken into account of the spin and parity of Θ + . As we know, the decay probability is directly proportional to a factor of k 2L+1 , where k is the center of mass decay momentum, and L is the orbital angular momentum.
Therefore we get the probability ratio of the two decay modes
with general symmetry consideration of isospin, spin, and parity taken into account.
In this letter we adopt the Θ + mass m Θ + = 1541 MeV, so we get Because of parity conservation, the corresponding orbital angular momentum of decay modes are 0, 1, 1, 2, 2, 3, · · · . Higher spin states seem unlikely for the ground state pentaquark, so we do not calculate them further. We thus obtain Table 1 for the probability ratio of the two decay modes for the Θ + state with different spin and parity.
From Table 1 , we can find that different spin and parity give little difference to the probability ratio of the two decay modes, as the difference between the center of mass decay momenta k 1 and k 2 is very small. The results in Table 1 is valid for the Θ + pentaquark to be a pure isoscalar (I = 0) and isovector (I = 1) state, or an isotensor state with mixture of isoscalar and isovector components, as they are corresponding to the specific situation of a = 0, α = 1, β = 0 for isoscalar, or a = 0, α = 0, β = 1 for isovector, or a = 1 with small α and β for isotensor with mixing of isoscalar and isovector. Thus our result of the probability ratio of the two decay modes is applicable to general situations. 
In summary, the decay probability ratio of the two decay modes Θ + → nK + and Θ + → pK 0 for the pentaquark Θ + state is examined with general symmetry consideration of isospin, spin, and parity. This ratio depends on two coefficients α and β which can represent a pure isoscalar or isovector state, or an isotensor state with mixture of isoscalar and isovector components. The dependence on spin and parity of the pentaquark Θ + state is also considered, and the effect is found to be small due to small difference between the center of mass decay momenta of the two decay modes. Future experimental results about the decay probability ratio may provide information about the isospin configuration of the pentaquark Θ + state.
